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PROCESS FOR THE PRODUCTION OF
CHLORINATED ALKANES

This application is a 371 of PCT/US2012/064792, filed
Nov. 13, 2012, which claims benefit of 61/562,025, filed Nov.
21, 2011.

FIELD

The present invention relates to processes for the produc-
tion of chlorinated alkanes, and in particular, to processes for
the production of tri-, tetra- and pentachlorinated alkanes.

BACKGROUND

Hydrofluorocarbon (HFC) products are widely utilized in
many applications, including refrigeration, air conditioning,
foam expansion, and as propellants for aerosol products
including medical aerosol devices. Although HFC’s have
proven to be more climate friendly than the chlorofluorocar-
bon and hydrochlorofluorocarbon products that they
replaced, it has now been discovered that they exhibit an
appreciable global warming potential (GWP).

The search for more acceptable alternatives to current fluo-
rocarbon products has led to the emergence of hydrofluo-
roolefin (HFO) products. Relative to their predecessors,
HFOs are expected to exert less impact on the atmosphere in
the form of a lesser, or no, detrimental impact on the ozone
layer and their lower GWP as compared to HFC’s. Advanta-
geously, HFO’s also exhibit low flammability and low toxic-
ity.

As the environmental, and thus, economic importance of
HFO’s has developed, so has the demand for precursors uti-
lized in their production. Many desirable HFO compounds,
e.g., such as 2,3,33-tetrafluoroprop-1-ene or 1,3,3,3-tet-
rafluoroprop-1-ene, may typically be produced utilizing feed-
stocks of chlorocarbons, and in particular, highly chlorinated
alkanes, e.g., tri-, tetra- and pentachloroalkanes.

Unfortunately, these higher chlorides have proven difficult
to manufacture using acceptable process conditions and in
commercially acceptable regioselectivities and yields. For
example, conventional processes for the production of
trichloropropane (such as those disclosed in U.S. Pat. No.
2,119,484 and U.S. Pat. No. 4,051,182) provide unacceptable
selectivity to the desired trichloropropane isomer, make use
of suboptimal chlorinating agents, and/or require the use of
expensive catalyst systems and/or initiators.

It would thus be desirable to provide improved processes
for the production of chlorocarbon precursors useful as feed-
stocks in the synthesis of refrigerants and other commercial
products. More particularly, such processes would provide an
improvement over the current state of the art if they provided
a higher regioselectivity relative to conventional methods,
made use of optimal chlorinating agents and/or made use of
less expensive catalyst systems and/or initiators.

BRIEF DESCRIPTION

The present invention provides efficient processes for the
production of chlorinated alkanes. More particularly, the pro-
cesses make use of one or more mono- and/or dichloroalkanes
to produce tri-, tetra-, and pentachloroalkanes with high
selectivity. In some embodiments, the processes advanta-
geously make use of 1,2-dichloropropane, a by-product in the
production of chlorohydrin, as a low cost starting material.
Selectivity of the process is enhanced over conventional chlo-
rination processes by employing a Lewis acid as an ionic

15

40

45

55

2

chlorination catalyst, instead of the catalyst systems compris-
ing multiple catalysts required by the conventional processes.
Further cost savings are provided in that low intensity process
conditions, e.g., low temperatures, ambient pressure and
minimal reactor residence time, are utilized.

In one aspect, the present invention provides a process for
the production of tri-, tetra, and/or pentachlorinated alkanes
from one or more mono and/or dichlorinated alkanes. The
process comprises chlorinating the one or more mono and/or
dichlorinated alkane in the presence of one ionic chlorination
catalyst. In some embodiments, the mono and/or dichlori-
nated alkane is a vicinal dichlorinated alkane, e.g., a 1,2-
dichloroalkane, and in such embodiments, the corresponding
trichlorinated alkane, e.g., a 1,1,2-trichloroalkane, may be
produced with a regioselectivity of at least 20:1, or at least
30:1, or at least 40:1, or even at least 50:1. In some embodi-
ments, the dichlorinated alkane may be 1,2-dichloropropane
and the trichlorinated alkane may be 1,1,2-trichloropropane.
The chlorinating agent is desirably a liquid, and in some
embodiments, may desirably be sulfuryl chloride. The ionic
chlorination catalyst is desirably a Lewis acid catalyst, such
as aluminum chloride, and advantageously, the process
requires only the use of one such catalyst. The process is
desirably conducted at low intensity conditions, e.g., a reac-
tion temperature of from 55° C. to 65° C., ambient pressure,
and with a reactor residence time of 1 hour or less.

DETAILED DESCRIPTION

The present specification provides certain definitions and
methods to better define the present invention and to guide
those of ordinary skill in the art in the practice of the present
invention. Provision, or lack of the provision, of a definition
for a particular term or phrase is not meant to imply any
particular importance, or lack thereof. Rather, and unless
otherwise noted, terms are to be understood according to
conventional usage by those of ordinary skill in the relevant
art.

The terms “first”, “second”, and the like, as used herein do
not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. Also, the terms
“a” and “an” do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced item, and
the terms “front”, “back”, “bottom”, and/or “top”, unless
otherwise noted, are merely used for convenience of descrip-
tion, and are not limited to any one position or spatial orien-
tation.

If ranges are disclosed, the endpoints of all ranges directed
to the same component or property are inclusive and indepen-
dently combinable (e.g., ranges of “up to 25 wt. %, or, more
specifically, 5 wt. % to 20 wt. %,” is inclusive of the endpoints
and all intermediate values of the ranges of “5 wt. % to 25 wt.
%,” etc.). As used herein, percent (%) conversion is meant to
indicate change in molar or mass flow of reactant in a reactor
in ratio to the incoming flow, while percent (%) selectivity
means the change in molar flow rate of product in a reactor in
ratio to the change of molar flow rate of a reactant.

Reference throughout the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with an
embodiment is included in at least one embodiment. Thus, the
appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification
is not necessarily referring to the same embodiment. Further,
the particular features, structures or characteristics may be
combined in any suitable manner in one or more embodi-
ments.
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Throughout the specification, “PDC” may be used herein
as an abbreviation for 1,2-dichloropropane and “TCP” may
be used as an abbreviation for 1,2,3-trichloropropane.

The present invention provides efficient processes for the
production of chlorinated alkanes. The present processes
comprise reacting one or more mono- and/or dichloroalkanes
to tri-, tetra- and/or pentachloroalkanes, with high regioselec-
tivity, e.g., to 1,1,2-trichloroalkanes, 1,2,2,3-tetrachloropro-
pane and/or 1,1,2,2,3-pentachloropropane. Advantageously,
only one catalystis required, and desirably comprises a Lewis
acid catalyst. Furthermore, the present processes make use of
sulfuryl chloride as a chlorinating agent, rather than a gaseous
chlorinating agent such as chlorine gas. The use of sulfuryl
chloride is not only advantageous in that it is easier to trans-
port and utilize than gaseous chlorinating agents, but also
because, since it is a liquid, it can also serve as a solvent for
the reaction and desired catalyst. Finally, the process uses
lower intensity process conditions than at least some conven-
tional processes, and thus, operating costs are saved.

The present process can make use of one or more mono-
and/or dichlorinated alkanes to produce the desired tri-, tetra-
and or pentachlorinated alkanes. Desirably, at least one of the
chlorinated alkanes is a vicinal dichlorinated alkane, i.e., the
chlorine atoms are present on adjacent carbon atoms. The use
of vicinal dichlorinated alkanes is advantageous in that it
contributes to the regioselectivity provided by the process.

Any alkane can be utilized in the process, although alkanes
comprising from 2-10 carbon atoms, or from 2-8 carbon
atoms, or from 2-6 carbon atoms, or from 2-5 carbon atoms,
or from 2-4 carbon atoms, or from 2-3 carbon atoms, are
particularly suitable. In some embodiments, one of the mono-
and/or dichlorinated alkanes comprises mono- or dichlori-
nated propane, and in those embodiments wherein the dichlo-
rinated alkane is desirably vicinal, comprises 1,2-dichloro-
propane. The use of 1,2-dichloropropane as a feedstock for
the process is advantageous, since it may be available at low
cost due to its production as a by-product in many chlorohy-
drin processes. The one or more mono- and/or dichlorinated
alkanes may be generated within the process, if desired, by
any methods known to those of ordinary skill in the art.

The tri-, tetra-, and/or pentachlorinated alkane produced by
the process will depend upon the mono- and/or dichlorinated
alkane used as a starting material, and so, in some embodi-
ments, and due to the commercial significance of trichlori-
nated ethanes, propanes and butanes, the use of one or more
mono and/or dichlorinated ethanes, propanes and butanes as
starting materials may be preferred. In some embodiments,
1,2-dichloropropane is utilized as a starting material to pro-
duce 1,1,2-trichloropropane at high selectivity, while in oth-
ers a combination of monochloropropane and 1,2-dichloro-
propane is utilized as a starting material to produce 1,2,2,3-
tetrachloropropane and/or 1,1,1,2,3-pentachloropropane and
1,1,2,2,3-pentachloropropane.

The one or more chlorinated alkane is advantageously
chlorinated using a liquid chlorinating agent, such as sulfuryl
chloride. The use of a liquid chlorinating agent is advanta-
geous compared to the use of a gaseous chlorinating agent,
such as chlorine gas, since a liquid is easier to transport and/or
handle than a gaseous chlorinating agent. Chlorine gas in
particular, can present a safety hazard. Liquid chlorinating
agents, and in particular, sulfuryl chloride (SO,Cl,), can also
act as a solvent for certain catalyst systems and/or reactions,
thereby assisting in the provision of an acceptable reaction
rate and/or yield. And so, in some embodiments, sulfuryl
chloride may desirably be used as the chlorinating agent.

The specificity ofthe process is further enhanced by the use
of'a Lewis acid as an ionic chlorination catalyst. It has now
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been surprisingly discovered that, e.g., anhydrous aluminum
chloride, although known as a component of a multicatalyst
system for the chlorination of alkanes, when used alone,
assists in providing a high degree of specificity to the desired
tri-, tetra- and/or pentachloroalkane, e.g., a 1,1,2-trichloroal-
kane, 1,2,2,3-tetrachloropropane and/or 1,1,2,2 3-pentachlo-
ropropane. More particularly, aluminum chloride has conven-
tionally been utilized with at least one other catalyst,
oftentimes iodine and/or ferric chloride, as a component of a
free radical initiator system that often requires the additional
use of an initiator, such as ultraviolet light. In contrast, the
present inventors have now discovered that aluminum chlo-
ride may be used as an ionic chlorination catalyst, and in
combination with sulfuryl chloride as a chlorinated agent,
acts to transform one or more mono- and/or dichloroalkanes,
which in some embodiments may comprise a vicinal dichlo-
roalkane, to the corresponding 1,1,2-trichloroalkane, 1,2,2,3-
tetrachloropropane and/or 1,1,2,2,3-pentachloropropane
with regioselectivities of greater than 10:1, or greater than
20:1 or greater than 30:1 or even at a 40:1 ratio, or greater,
over other tri-, tetra- and pentachloroalkane products.

Generally speaking, enough of the catalyst should be uti-
lized to provide some improvement to reaction process con-
ditions (e.g., a reduction in required temperature) and desir-
ably, reaction selectivity, but yet not be more than will provide
any additional benefit, if only for reasons of economic prac-
ticality. For purposes of illustration only, then, it is expected
that useful concentrations of anhydrous aluminum chloride
will range from 0.01% to 20% by weight each with respect to
the mono and/or dichlorinated alkane(s), or from 0.1% to
10%, or from 1% to 5 wt. %, inclusive of all subranges there
between.

The reaction conditions under which the process is carried
out are advantageously low intensity. That is, low tempera-
tures, e.g., ofless than 100° C., or less than 90° C., or less than
80° C. or less than 70° C., or less than 60° C., or less than 50°
C., or even as low as 40° C. may be utilized and the desired
selectivities to the tri-, tetra-, and/or pentachloroalkanes yet
be realized. In some embodiments, temperatures of from 40°
C.to 70° C., or 55° C. to 65° C. may be utilized. Similarly,
ambient pressure is suitable for carrying out the process, or
pressures within 250, or 200, or 150, or 100, or 50, or 40, or
30, or 20, or even 10 psi, of ambient are suitable. Reactor
occupancy may also be minimized with the desired selectivi-
ties yet seen—for example, reactor occupancy times of less
than 20 hours, or less than 15 hours, or less than 10 hours, or
less than 5 hours, or less than 4, 3, 2, or even 1 hour, are
possible. The reactor may be any suitable liquid phase reactor,
such as a batch or continuous stirred tank autoclave reactor
with an internal cooling coil. A shell and multitube exchanger
followed by vapor liquid disengagement tank or vessel can
also be used.

In one exemplary process, 1,2-dichloropropane is con-
verted to 1,1,2-trichloropropane at selectivities of, e.g., 40:1
over other trichloroalkane products, by reacting 1,2-dichlo-
ropropane with sulfuryl chloride in the present of aluminum
chloride at a temperature of from 55° C. to 65° C., ambient
pressure and a reactor occupancy of less than one hour.

In another exemplary process, monochloropropane is con-
verted 1,1,2,2,3-pentachloropropane at selectivities of, e.g.,
40:1 over other trichloroalkane products, by reacting
monochloropropane with sulfuryl chloride in the presence of
aluminum chloride at a temperature of from 55° C.t0 65° C.,
ambient pressure, and a reactor occupancy of 24-48 hours.
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Some embodiments of the invention will now be described
in detail in the following examples.

Example 1

ITonic Chlorination of PDC to TCP Using Aluminum
Chloride as Catalyst and Sulfuryl Chloride as
Chlorinating Agent

Liquid sulfuryl chloride and PDC (1,2-dichloropropane)
are mixed in a 100 ml flask heated in a water bath to maintain
temperature 55° C.-60° C. in the presence of aluminum chlo-
ride (AICL;) catalyst. A reflux column is placed to return
unreacted reactants as well the reaction intermediate 1-chlo-
ropropene to the reaction liquid while the HCI and SO,
byproducts are released to a caustic scrubber at the top of the
reflux column. Gas chromatography coupled with mass spec-
troscopy is used to determine the product composition.

After 30 minutes of reaction time in 40 mole % of AICI; the
product mixture was found to be 1,1,2-trichloropropane and
1,2,3-trichloropropane at molar ratio of 40 to 1.

Example 2-Comparative

Chlorination of PDC to TCP Using Aluminum
Chloride as Catalyst and Chlorine Gas as
Chlorinating Agent

Liquid PDC and an inert solvent, carbon tetrachloride, are
mixed in a 100 ml flask heated in a water bath to maintain a
temperature of 55° C.-60° C. in the presence of AICI; catalyst.
A reflux column is placed to return unreacted reactants. Gas-
eous chlorine is bubbled into the liquid phase. Gas chroma-
tography coupled with mass spectroscopy is used to deter-
mine the product composition.

After 60 minutes of reaction time in 10 mole % of AICI; the
product mixture was found to be 1,1,2-trichloropropane and
1,2,3-trichloropropane at molar ratio of 8 to 1.

Example 3-Comparative

Chlorination of PDC to TCP Using Aluminum
Chloride and Iodine as Catalyst and Sulfuryl
Chloride as Chlorinating Agent

Liquid sulfuryl chloride and PDC are mixed in a 100 ml
flask heated in a water bath to maintain a temperature of 55°
C.-60° C. in the presence of AlICl; and I, catalyst. A reflux
column is placed to return unreacted reactants. Gaseous chlo-
rine is bubbled into the liquid phase. Gas chromatography
coupled with mass spectroscopy is used to determine the
product composition.

After 180 minutes of reaction time in 1.2 mole % of AlICI,
and 0.3 mole % of I, the product mixture was found to be
1,1,2-trichloropropane and 1,2,3-trichloropropane at molar
ratioof4 to 1.

Example 4

Ionic Chlorination of Monochloropropane to TPC
Using Aluminum Chloride as Catalyst and Sulfuryl
Chloride as Chlorinating Agent

Liquid sulfuryl chloride and 2-chloropropane are mixed in
a 100 ml flask heated in a water bath to maintain temperature
55° C.-60° C. in the presence of AICI; catalyst. A reflux
column is placed to return unreacted reactants as well the
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reaction intermediates to the reaction liquid while the HCI
and SO, byproducts are released to a caustic scrubber at the
top of the reflux column. Gas chromatography coupled with
mass spectroscopy is used to determine the product compo-
sition.

After 120 minutes of reaction time in 40 mole % of AICI,
the product mixture was found to be 1,1,2-trichloropropane
and 1,2,3-trichloropropane at molar ratio of 40 to 1.

Example 5

ITonic Chlorination of PDC to
1,1,2,2,3-Pentachloropropane Using Aluminum
Chloride as Catalyst and Sulfuryl Chloride as
Chlorinating Agent

Liquid sulfuryl chloride and PDC are mixed in a 100 ml
flask heated in a water bath to maintain temperature 55°
C.-60° C. in the presence of AlCl; catalyst. A reflux column is
placed to return unreacted reactants as well the reaction inter-
mediates to the reaction liquid while the HCl and SO, byprod-
ucts are released to a caustic scrubber at the top of the reflux
column. Gas chromatography coupled with mass spectros-
copy is used to determine the product composition.

After 17 hours of reaction time in 40 mole % of AICI, the
product mixture was found to be 1,1,2,2 .3-pentachloropro-
pane as the only pentachloropropane.

The invention claimed is:

1. A process for the production of tri-, tetra- and/or pen-
tachlorinated alkanes from one or more mono and/or dichlo-
rinated alkanes comprising chlorinating the mono and/or
dichlorinated alkane in the presence of aluminum chloride,
wherein the chlorinating agent comprises sulfuryl chloride.

2. The process of claim 1, wherein at least one of the one or
more mono- and/or dichlorinated alkanes comprises a vicinal
dichloroalkane.

3. The process of claim 1, wherein the dichloroalkane
comprises 1,2-dichloropropane.

4. The process of claim 3, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises a 1,1,2-trichloroalkane.

5. The process of claim 4, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises 1,1,2-trichloropropane.

6. The process of claim 5, wherein selectivity of the process
to 1,1,2-trichloropropane is at least 20:1.

7. The process of claim 6, wherein selectivity of the process
to 1,1,2-trichloropropane is at least 40:1.

8. The process of claim 3, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises a 1,2,2,3-tetrachloroal-
kane.

9. The process of claim 8, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises 1,2,2,3-tetrachloropro-
pane.

10. The process of claim 3, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises a 1,1,2,2,3-pentachloro-
alkane.

11. The process of claim 10, wherein the tri-, tetra- and/or
pentachlorinated alkane comprises 1,1,2,2,3-pentachloropro-
pane.

12. The process of claim 1, wherein the process is con-
ducted at a temperature of from 40° C. to 70° C.

13. The process of claim 1, wherein the process is con-
ducted at ambient pressure.

14. The process of claim 1, wherein the process is carried
out in a liquid phase reactor, and the reactor residence time is
less than 1 hour.



